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© Active matrix type liquid crystal display apparatus. 



© A hquid crystal display apparatus, having a designated drive means composed of a group of electrodes (3 
4) forming pixels in the nXm matrix and active devices, in which the electrodes (3. 4) have a structure with which 
an electnc field parallel to the interface can be applied to the liquid crystal composite layer, and the cell-gap 
between substrates (1) facing to each other is 6 urn or less and the response time is less than or equal to 100 
ms and greater than or equal to 1 ms. 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a liquid crystal display apparatus, and more partiajlary to an active 
matrix liquid crystal display apparatus. 

DESCRIPTION OF THE PRIOR ART 

In tlie conventional Liquid Crystal Display Apparatus, as for the electrodes for driving the liquid crystal 
layer, the electrodes are formed on the surface of two sut)strates, and transparent electrodes are used» each 
electrode facing to eadi other. This is because what is us^ is a display method represented by Twisted 
Nematic display method in which the liquid crystal layer is driven by applying an electric field in the vertical 
direction to the surface of the substrate. On the other hand, as for the display method in which an electric 
field is applied in the direction almost parallel to the surface of the sutistrate, a display method using comb- 
type electrodes Is disclosed in the Japanese Patent No. 63-21907 (1988) and USP 4345249. In this case, 
the electrcwJes are not necessarily selected to be transparent, but non-transparent and metallic electrodes 
with higher electric conductivity are used. However, in the prior art above, as for the display method in 
which the electric field is applied in the direction to the surface of the electrwle, (which is designated "In- 
plane switchin metho"). sp^ifically used in the active matrix drive mcKle. or as for the horizontal electric 
field method with low voltage drive, the enabling material property of the liquid crystal layer and the device 
structure are not descrit^ in detail. 

In the horizontal electric field method, it is require to make the e!ectr<KJe gap wider in order to attain 
the higher cross-section for the open port, which arises a problem that the necessary drive voltage 
becomes higher. In addition, in order to allow the mouse as a pointing device to be enabled in the liquid 
crystal display apparatis. it is required to establish the response time between 150 ms and 200 ms, and for 
enabling the motion picture resolution, the response time is required to t>e 50 ms. However, the response of 
the liquid crystal to the electric field change is genetically slow, it often makes such a problem that the 
response time of the liquid crystal is slow in various kinds of display methods using Nemafic Liquid Crystal. 
This is not exceptional in the horizontal electric field method. In addition, due to the electrode structure 
specific to the horizontal electrid field method, the electric field tend not to t>e fully applied to the liquid 
crystal, which results in the slower response of the liquid crystal. Thus, some means is required in order to 
reduce the drive voltage and to enable the mouse compatible and the motion picture resolution. 

The object of the present invention is to provide an active matrix type liquid crystal display apparatus 
which has a high-speed response to allow the mouse as a pointing device or enable the motion picture 
resolution in the horizontal electric field method. 

SUMMARY OF THE INVENTION 

In the present invention, the following means are used for solving the above mentioned problems and 
attaining tiie atKtve objective. 

The present invention includes a pair of substrates, at least one of which is transparent; a liquid crystal 
composite layer arranged between the substrates; electrodes on the substrates for applying an electric field 
substantially parallel to the substrates; an orientation control layer for controlling the orientation of the 
molecule of the liquid crystal; a polarization means; and a drive means; in which the gap between tiie 
substrates is less than or equal to 6 mm. and the response time is less than or equal to 100 ms. and 
greater than or equal to 1 ms. 

The relationship tjetween the dielectric a)nstant of the liquid crystal comfK)site material layer, {{elcV^: 
dielectric constant measured in the longitudinal axis of tiie molecule. (€lc)J_ dielectric constant measured 
in tiie tranverse axis of the molecule), and the dielectric constant of the orientation control layer, (caf) . holds 
the equation (1). 

(tLc)^/ > 26 AF. or (€LC)1 > 2eAF. (1 ) 

Further, the relationship between the viscosity of the liquid crystal composite material layer, iy, and the 
elasticity constant of the twist, K?, holds the ^uation (2). 



VK2 < 4.5X10^0 [s-m-^ 



(2) 
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Furthermore, the liquid crystal composite material acwrdirig to the preserrt invention is made to include 
liquid crystal chemicaJ compound repre^nted by the general chemical formula (I), in which fiuoro group or 
cyano group, or twsth of them cc»xist as an end group. 

5 



10 




In the chemical fonrDula (I), Xi . Xz arKi Xa are fiuoro group, cyano group, or hydrogen atom; R is alky! 
group or alkoxyl group having the cart)on numt^r. 1 to 10 which is replaceable; Ring R is cyclohexane ring. 
75 benzene ring, dioxane ring, pyrimidine ring, or [2, 2, 2hbicyclooctane ring; Z is single bonding, ester 
bonding, ether bonding, or methylene, or ethylene; and n is an integer, 1 or 2. 

Preferably, the liquid crystal composite material may be made so as to include liquid crystal chemical 
compound represented by the general chemical formula (I), in which fiuoro group or cyano group, or both of 
them coexist as an end group. 

20 

In the chemical formula (II). Xi and X2 are fiuoro group, cyano group, or hydrogen atom; R is aJkyI 
group or alkoxyl group having the carbon number. 1 to 10 which is replaceable; Ring R is cyclohexane ring. 
30 benzene ring, dioxane ring, pyrimidine ring, or [2. 2. 2hbicyclooctane ring; Z is single bonding, ester 
tjonding, ether bonding, or methylene, or ethylene; and n is an integer, 1 or 2. 

Preferably, the retardation of the liquid crystal composite material layer, d-An, may greater than or 
equal to 0.21 um, and less than or equal to 0.36 um. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) to 1(d) show the operation of the liquid crystal in the liquid crystal display apparatus of a 
horizontal electric field type. 

FIG. 2 is a plane view of the unit pixel in the liquid crys^ display apparatus of a horizontal electric field 
40 typ^. 

FIG. 3 is a cross-section view of the unit pixel in the liquid crystal display apparatus of a horizontal 
electric field type. 

FIG. 4 shows the angle ipp defined by the fK)larization transmission axis, the angle <^tLc defined by the 
liquid crystal molecule longitudinal axis (optical axis) at the interface neighbortiocxJ, and the angle <>r 
45 defined by the condensive axis in the phase shifter plate, each with respect to the electric field direction in 
the embodiments 1 to 5 and the comparison examples 1 and 2. 
FIG. 5 is the definition of the response time. 

FIG. 6 is a diagrammatic picture showing the diffraction of the electric field at the interface on ttie 
dielectric layer. 

50 FIG. 7 is a graph showing the relationship tetween the response speed and the ratio of the viscosity of 
the liquid crystal to the elasticity constant of tfte liquid crystal is shown in tiie embodiments and the 
comparison examples of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 

In FIG. 4, the angle ^ defined by the polarization ti-ansmission axis, the angle ^lc defined by the liquid 
crystal molecule longitudinal axis (optical axis) at the interface neighborhood, tiie angle defined by the 
condensive axis in the phase shifter plate inserted t^tween a couple of polarizers. The angle 4>p and <^>tc are 
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express selectively in terms of <^pi . 4>p2. ^ici and 4>icz as there are a couple of polarizers and a couple 
of liquid crystal interfaces. 

FIGS. 1(a) and 1(b) sfiow side aross-^ction views showing the oration of the liquid crystal in the 
liquid crystal panel, and RGS. 1(c) and 1(d) show front views of them in the present invention. In FIGS. 1(a) 

5 to 1(d), active devices are not shown. In addition, though a plurality of pixels are form^ witti striped 
electrodes in the present invention, a partial view of a single pixel is shown in FIGS. 1(a) to 1(d). The side 
crc^-section view when voltage is not applied is shown in FIG. 1(a) and the front view is shown in FIG. 1- 
(c). The linear electrodes 3 and 4 is formed inside a couple of transparent sutjstrates 1, and a couple of 
orientation films 6 are coat^ on ttre sul)strates 1 so that they face to each other. Uquid crystal composite 

10 material is inserted between the films. The liquid crystal molecule 5 shaped in line is oriented so that the 
angle <^lc of the longitudinal axis of the molecule t^tween the longitudinal direction of the Y electrwJe 
shaped in stripe may be maintained to be an adequate angle such as 45' ^ j^tc j < 90*. For the 
explanation below, the orientation direction of the liquid crystal molecule on the upper and lower interfaces 
is assumed to be parallel to each other, that is. <^lc1 = ^lo2. The dielectric anisotropy of the liquid crystal 

IS composite material is assumed to be positive. Next, when the electric field 9 is applied, as shown in FIGS. 1 
(b) and (d), the axis of the liquid crystal molecule is made oriented in the direction of the electric field. By 
placing the polarizer 2 with a designated angle 8. it is enabled that the optical transmission index can be 
modulated by applying and changing the electric field. Thus, the display operation for defining contrast is 
allowed without transparent electrodes. Though the dielectric anisotropy of the liquid crystal composite 
20 material is assumed to be positive, it may be selected to be negative. In case of negative dielectiic 
anisotropy. as for the initial orientation of the liquid crystal molecule, the angle <^lc is maintained to be an 
adequate angle to ttie vertical direction to the longitudinal axis of the striped electrode such as 0* < lAir 1 ^ 
45V * ' 

The response time in the horizontal electric field method can be derived by solving the torque balance 
25 ^uation in terms of elastic torque, elective-magnetic torque and viscous torque. The rising-up time and the 
falling-down time of the liquid crystal result in the following expression. 

Trise = 7l/(coA€E2 -i,2K2/d2). (3)^ and 

30 

where 

Trise is the rising-up time. 

Tfaii is the falling-down time, 

7I is viscosity coefficient. 
35 Ka is the elastic constant of the twist, 

d is the cell gap, 

Ae is the dielectric anisotropy, 

eo is the vacuum dielectric index. 

E is the electiic field intensity, and 
40 Ec is the threshold electiic field intensity. 

The above equation shows tfiat the response time can 1:^ reduced by making smaller ttie cell gap d 
between ttie substi-ates facing to each ottier. As making ttie cell gap d smaller, ttie falling-down time 
decreases proportionally to ttie reciprcx:al of ttie square of ttie cell gap d. On the ottier hand, ttie second 
term of tfie dominant of ttie expression of ttie rising-up time is smaller tiian its first term, ttie rising -up time 
45 is not extended even by making the cell gap smaller. 

Therefore, to make the cell gap between ttie substrates facing to each ottier 6 urn or less as described 
in means 1 provides a prospective way to establish ttie response time less than or equal to 100ms, 
preferably, less ttian or equal to 5iim. In ttie above definition, as shown in FIG. 5. ttie response time is 
defined to be the time period while the transmission ratio changes required for ttie 90% fraction of its 
50 switching operation between the minimum voltage and the maximum voltage. 

As described in means 2. by means ttiat ttie relationship between tfie dielectiic constant of ttie liquid 
crystal composite material layer, ((clc)//: dielectric constant measured in ttie longitudinal axis of the 
molecule. (cu;)X - dielecb-ic constant measured in ttie shorter axis of the molecule), and ttie dielectric 
constant of ttie orientation control layer, (caf). is made to hold ttie equation («lc)// > 2^af. or (6lc>J_ > 2tAF. 
55 and ttiat tfie relationship between ttie visco^ of tfie liquid crystal composite material layer, h. and tfie 
elasticity constant of ttie twist. K2. holds ttie equation, ij/Kz < 45 [Gs/(m«m)J. it will be appreciated ttiat a 
liquid crystal display apparatijs witfi high-sf^^ r^ponse can be established. In ttie ordinary horizontal 
electiic field mettuxJ. as tiie ttiickness of ttie electrode is smaller ttian ttie ttiickness of ttie liquid crystal 
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composite material layer, the electric field completely parallel to the interface t>etween the liquid crystal and 
tiie orientation layer can not completely applied to the liquid crystal layer. This tn«>mplete horizcwital 
electric field makes worse the efficiency in switching the liquid arystal on the interface. As the refraction of 
the electric field between the two-layered dielectric material layer is so formed as shown in R6. 6, by 
making the dielectric constant etc of the liquid crystal larger than the dielectric constant 6af of the 
orientation layer, preferably making eLC twice larger than €af» what can be af^lied to the liquid crystal is a 
fK)rizontal electric field which is more parallel to the interface between the liquid crystal and the orientation 
layer. Therefore, a necessary horizontal electric field can be supplied effidently to the liquid crystal for 
switching the liquid crystal on the interface. In addition, with more intensive study in which the viscosity h of 
tiie liquid crystal is modified to be smaller or the elasticity constant K2 of the twist is modified to be larger, 
the high-speed response which enables the mouse compatible or the motion pichjre resolution can be 
attained when the ratio between the viscosity and the elasticity constant is 45 [Gs/(mm)]. 

Furthermore, it is proved that the liquid crystal shown in the means 3 above is adopted to the 
conditions given by the means 1 and 2. and that the high-speed response which enables the mouse 
compatible or tiie motion picture resolution can be attained. As the tritiuoro-type liquid crystal having a 
molecular structure with fluoro group at the molecular end has a larger dielectric anisotropy A^. about 7, 
while smaller viscosity ij t^tween 20cp and 30 cp, it is also possible to make the drive voltage smaller and 
the response time shorter by adding this type of liquid crystal to another liquid crystal. More instantiy. trans- 
4-heptyK3. 4, 5-trifluorophenyl) cyclohexane; 1, 2, 6-trifluoro-4-[trans-4-(trans-4-propylcyciohexyl) 
cyclohexyl] benzene; Trans-4-propyl-(3. 4, 5-tiifluorobiphenyl-4'-yl) cyctohexane; 2-(trans-4-propyl- 
cyclohexyl)-1-{trans-4-(3, 4. 5-trifluorophenyl) cyclohexyl] ethane; 3, 4. 5-trifluorophenyl-trans-4-ben- 
ty!ecyclohexylcartM)xylate; Trans-4Hieptyl-(3. 4<lifluorophenyl) cyclohexane; 1, 2-difluoro-4-[trans-4-(trans-4- 
propylcyclohexyl) cyclohexyl] benzene; Trans-4-propyl-(3. 4, difluorobiphenyl-4'-yl) cyclohexane; 2-(trans-4- 
propylecyclohexyl)-l-[trans-4-(3, 4-difluorophenyl) cyclohexyl] etiiane; 3, 4-difluorophenyl-trans-4-ben- 
tylecyclohexylcartK)xylate;Trans-4-heptyl-(4-cyanophenyl) cyclohexane; 1. 2-dicyano-4-[b-ans-4-(trans-4-pro- 
pylcyclohexyl) cyclohexyl] benzene; Trans-4-propyl-(3, 4-dicyanobiphenyl-4*-yl) cyclohexane: 2-{trans-4- 
propylcyclohexyl)-1-[trans-4-(3, 4-dicyanophenyl) cyclohexyl] ethane; 3, 4-dicyanophenyl-trans-4-bentyl- 
cyclohexylcartjoxylate; 4-cyano-3-fluorophenyl-trans-4-propylcyclohexylcarboxylate. The present invention 
does not exclude compK)unds other than above. The liquid crystal compound having fluoro group at the 
ortiio position in its cyano end group, represented by 4K;yano-3-fluorophenyl-trans-4-propylcyclohexylcar- 
boxylate. is known to be material which does not tend to form dimer to cancel the dipole momentum. As 
such liquid crystal compound has larger dielectric constant and lower viscosity, it is effective to apply this 
kind of compound to tiie high-speed driving operation in tiie horizontal electric field method. 

Furthermore, it is proved that the liquid crystal shown in the means 4 above is adopted to the 
conditions given by the means 1 and 2, and that the high-speed response which enables the mouse 
compatible or the motion picture resolution can be attained. More instantiy, ti-ans-4-heptyl-(2. 3- 
difluorophenyl) cyclohexane; 2. 3-difluoro-4-[trans-4-(ti'ans-4-propylcyclohexyl) cyclohexyl] benzene; Trans- 
4-propy K2, 3-dif luorobiphenyl-4'-y I) cyclohexane; 2-(trans-4-propy Icyclohexy l)-1 -[trans-4-(2, 3- 
difluorophenyl) cyclohexyl] ethane; 2. 3-difluorophenyl-trans-4-bentylecyclohexylcartx)xylate:Trans-4-heptyl- 
(2-cyano-3-fluorophenyl) cyclohexane; 2-cyano-3-fluoro-4-[trans-4-(trans-4-propylcyclohexyl) cyclohexyl] 
benzene; Trans-4-propyle-(2-cyano-3-f luorobiphenyl-4'-yl) cyclohexane; 2-(trans-4-propylcyclohexy l)-1 - 
[ti'ans-4-(2-^yano-3-fluorophenyl)cyclohexyl]etiiane:2-cyano-3-fluorophenyl-trans-4-t^ntylecyc^ 
ylate. The present invention does not exclude compounds other than above. 

In the above descrit>ed means for driving with high-speed response, firom the view fK)int that the overall 
design of the display device should satisfy many aspects of characteristics and performances other tiian 
response time, such as brightness and contrast ratio, the retardation of the liquid crystal. d»An, is 
determined, for example, as follows. In case of displaying in multiple diffi-action mode as descrit^ before, 
the intensity of the transmitted light is defined by the following equation when arranging a couple of 
polarizers in cross-Nicole. 

l/b = sin2(2d)- sin2(,id» AnA) , (5) 

where 

a is the angle defined by the effective light axis of the liquid crystal layer and ttie pK)Iarization 
transmission axis; 
d is the cell gap; 

An is the ani^tropic property of the refractive index of tiie liquid crystal; and 
X is the wavelength of light 
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In order to obtain the normaHy-close characteristic in which the display pixel takes a dark state when low- 
voltage applied, and the display pixel takes a bright state when high-voltage applied, as for the layout 
anrangement of the fxjiarizers. the tran^issim axis of one polarizer may taken to almost parallel to 
the orientation direction of the liquid crystal molecule (rubbing axis), which means = ^lci = <t>i£z» and 

5 the transmission axis of the ottier polarizer may be taken to be vertical to the rubbing axis, which means 
^P1 = = 90 V When the electric field is not applied, as a in the equation (5) is 0, the light transmission 
index l/b is also 0, In contrast, when the electric field is applied, a increases as the light intensity increa^s, 
and thus, the light transmission index l/fo takes its maximum value at a = 45*. In this case, assuming that 
the waveler^ of light is 0.555 um. the effective deffAn may be taken to be 0.28 um, the half of the 

70 wavelength of light, in order to maximize the transmission index with no color tone. As the liquid crystal 
molecules are fixed in the neighboring area of the interface in the actual c^ll. den is less than the cell gap d. 
Therefore, in order to attain the higher transmission index and the whiteness of the display emission light 
for the display pixel in the nomially-close characteristics taking a bright state in the multiple refraction 
mcKle. d»An is allowed to taken to be 0. 30 um a little larger than the half of the wavelengtti of light. In the 

15 actual use. as there is variable margin. d»An is allowed to taken to be between 0.21 um and 0.36 um. 

From the view pwint descritied above, by making An. the anisotropic property of the refractive index of 
the liquid crystal us^, relatively large, and ^tting the retardation, d*An, between 0.21 and 0.36 um as 
desalts in means 5 atK>ve for higher contrast, the gap t>etween the substrates facing to each other is 
necessarily selected to be small, which may lead to the prospective means for high-speed response. 

20 As descritjed in formula (3) and (4). it is advantageous for high-speed respKinse to select the liquid 
crystal with lower viscosity. It is also possible to make the response faster by making the absolute value of 
the dielectric anisotropy of the liquid crystal. (Aej, as larger as possible. This owes that the interactive 
energy between the electric field and the liquid crystal becomes larger. 

With emtxKiiments below, the present invention will be described more in detail. 

25 

[EmbwKliment 1 ] 

FIG. 2 shows a plane view of the unit pixel in the first embodiment of the present invention. FIG. 3 
shows a cross section view of FIG. 2. The scanning electrode 10 composed of Al is formed on the polished 

30 glass substrate 1. and the surface of the scanning electrode is coated with the anodized film 19 of alumina. 
The gate nitridation layer 16 (gate SiN) and the amorphous Si layer (a-Si) 17 are formed so as to cover the 
scanning electrode 10. The n-type a-Si layer 18. the source electrode 3 and the picture signal electrode 11 
are formed onto the a-Si layer 17. In addition, the common electrcxJe 4 is attached onto the layer identical 
to the source electrode 3 and the picture signal electrode 11. As for the structure of the source electrode 3 

35 and the picture signal electrode 11. as shown in FIG. 1, the extension of the these elecfrodes is parallel to 
the common electrode 4 formed in stripe and intersects the scanning signal electrode 10 at right angle, and 
thus, thin film fransistors (FIGS. 2 and 3) and the metallic electrodes are formed on one of the suljstrates. 
With these transistors and electrodes, the electric field is developed between the source electrode 3 and 
the common electrode 4 on one of the substrates so that the extention direction 9 of the developed electric 

40 field may t)e almost parallel to the interface of the substrate. The individual electrodes on the substrate are 
composed of aluminum, but the selection of metal is not limited to aluminum but allowed to be chromium or 
copper and so on. The number of pixels is selected to be 40 (X3) X30 (that is, n = 120, and m = 30). 
The horizontal pixel pitch, which is the distance between common electrodes, is 80 um. and the vertical 
pixel pitch, which is the distance between gate electrodes, is 240 um. The width of the common elecrcxje is 

45 12 um. which is made to be smaller than the distance between the common elecrodes, 68 um, which leads 
to the larger open port rate. 

The color filter 20 formed in stripe for RGB colors is formed on the substrate facing against to the 
substrate on which the thin film transistors are fonmed. On the color filter 20, the transparent resin 13 for 
flattening the surface of the color filter is multiply coated. For the material for the transparent resin, epoxy 

50 resin is used. The drive LSI is connects to the panel. 

The material used for the liquid crystal compound has such a property that the anisotropic property of 
the refractive index. An, is 0.072. the dielectric anisotropy. A«, is 3.7 (e//: 7.4, ej_ : 3.7), the viscosity, h, is 
20cp(20*C), and the elasticity constant of the twist. K2. is 8.4 x 10-8 dyn. TTierefore. ^/Kz is 23.9[Gs/(m»m)- 
]. The material used for ttie orientation layer is PIQ with its relative dielectric constant. CAF.being 2.8. 

55 Therefore, the relation, (clc)^/ > 2f af. holds. The individual rubbing direction of a couple of substrates is 
parallel to each other, and has an angle 105* (^lci = <^U2 = 105") against the direction in which the 
applied electric field is extendi. S^ FIG. 4. The gap d t^tween the substrates is formed and controlled 
with polymer beads dispersed between the substrates so as to 3.8 um with liquid crystal filled. 
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The panel is sandwiched with a couple of pK)laiizers (G12^DU. made by Nitto Bectric Co.), and the 
polarization transmission axis of one polarizer is ^t to be parallel to the rubbing direction, which means <^pi 
= 105 • . and ttie ^larization transmission axis of the other polarizer is set to intersect f^rpendicularly with 
the former polarization transmission axis, which means 4^pz = 105*. With this geometrical configuration, the 
5 rKWTnally-cIo^ characteristic of the display pixel can be ^tablished. 

According to the measurement of the response time of the liquid crystal obtained in the atM)ve 
configuration, the rising-up time is ^ ms, and the falling-down time is 35 ms. 

In the atx)ve definition, as shown in FIG. 5, the resfxmse time is defir^ to be the tin^e f^riod while the 
transmission ratio changes required few the ^% fraction of its switching operation between the minimum 
10 voltage and the maximum voltage. 

[Emb<Kliment 2] 

The structure in the embodiment 2 is identical to that of the embodiment 1 excluding the following 
75 features. 

The material used for the liquid crystal compound is MLC-2011 (made by MELC. Co.) the major 
comfx>nent of which is 2, 3-difluorobenzene derivative. In this material, ij/K^ is 27.8 [6s/(m»m)]. The 
dielectric anisotropy of the liquid crystal of this embodiment. At, is -3.3 (E//: 3.1 eJ_ :7.1). Therefore, the 
relation, (€lc)X > ^af, holds. The gap d between the substrates is set to be 4.7 urn, and the retardation, 
20 d» An. is detemnined to be atKMJt 0.35 um. 

The individual rubbing direction of a couple of substrates is parallel to each other, and has an angle 
15* (^Lci = ^LC2 = 15*) against the direction in which the applied electric field is extended. See FIG. 4. 
The panel is sandwiched with a couple of polarizers (G1220DU, made by Nitto Electric Co.), and the 
polarization transmission axis of one polarizer is set to be parallel to the rubbing direction, which means 4^p^ 
25 = 15" , and the polarization transmission axis of the other polarizer is set to intersect perpendiculariy with 
the former pK)larization transmission axis, which means <t>P2 = -75 • . With this geometrical configuration, the 
normally-close characteristic of the display pixel can be established. 

According to the measurement of the response time of the liquid crystal obtained in the above 
configuration, the rising-up time is 38 ms. and the falling-down time is 44 ms. 

30 

[Embodiment 3] 

The structure in the embodiment 3 is identical to that of the embcKliment 1 excluding the following 
features. 

35 The material used for the liquid crystal compound is MLC-20(^ (made by MELC, Co.) the major 
component of which is 2. 3-difluorobenzene derivative. In this material. jj/K2 is 44.0 [Gs/(m»m)J. The 
dielectric anisotropy of the liquid crystal of tiiis embodiment, Ac. is -3.4 (c//: 3.9 tj, : 7.3). Therefore, the 
relation, (€lc)_L > 2f af, holds. The gap d between tiie substrates is set to be 2.0 um. and the retardation, 
d»An. is determined to be about 0.30 urn. 

40 The individual rubbing direction of a couple of substrates is parallel to each other, and has an angle 
15* (^tci = ^LC2 = 15") against the direction in which the applied electric field is extended. See FIG. 4. 
The panel is sandwiched with a couple of fXJlarizers (G1220DU. made by Nitto Electric Co.), and ttie 
polarization transmission axis of one polarizer is set to be parallel to the rubbing direction, which means <l>p^ 
= 15'. and the polarization transmission axis of tiie other polarizer is set to intersect p^r^^ndiculariy with 

45 the former polarization transmission axis, which means = -75 ' . Wrtii this geometrical configuration, the 
normally-close characteristic of the display pixel can be established. 

Acx^ording to tiie measurement of the response time of the liquid crystal obtained in tiie above 
configuration, the rising-up time is 40 ms. and the falling-down time is 20 ms. 

50 [Embodiment 4] 

The structure in the embodiment 4 is identical to that of the embodiment 1 excluding the following 
features. 

The material used for the liquid crystal compound is LIXON-^23 (made by Chisso. Co.) the major 
55 component of which is 2. 3-difluorobenzene derivative. In this material. ij/Kz is 42.0 [Gs/(m«m)]. The 
dielectric anisoti-opy of the liquid crystal of this emtXKJiment, Ac, is 4.5 (c//: 8.2 cj_ : 3.7). Therefore, the 
relation, (etc)// > 2€af, holds. The gap d betw^n the substrates is ^t to be 3.5 um. and the retardation, 
d*An. is determined to be about 0.28 um. 
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According to the measurement of the response time of the liquid crystal obtained in the atove 
configuration, the rising-up time is 25 ms, and the fallir^own time is ^ ms. 

[Embodiment 5] 

The structure in tiie embodiment 5 is identical to tiiat of the emtKxiiment 1 excluding the following 
features. 

The material used for the liquid costal compound is a material disctosed in Japanese Laid-Oj^n Patent 
No. 2-233626 (1^). (made by Chisso, Co.) the major component of which is 3. 4. S-trifluorofc^zene 
derivative. In this material, h/K2 is 23.6 [Gs/{m»m)]. The dielectric anisotropy of the liquid crystal of tfiis 
emtodiment, Ae, is 7.3 (dh 11.0 €_L : 3.7). Therefore, the relation, (tLc)// > 2eAF, holds. The gap d between 
ttie substrates Is set to be 4.7 um. and the retardation. d*An. is determined to be atout 0.34 um. 

According to ttie measurement of the response time of the liquid crystal obtained in the above 
configuration, the rising-up time is ^ ms, and the falling-down time is 53 ms. 

[Comparison Example 1] 

The structure in the comparison example 1 is identical to ttiat of tiie embodiment 1 excluding the 
following features. 

The material used for the liquid crystal compound is ZLI-2806. the major component off which is <h>. In 
this material, h/K2 is 46.2 [Gs/(m»m)]. The dielectric anisotropy of the liquid crystal of this comparison 
example, Ac, is -4.8 (t//: 3.3 ej_ : 8.1). Therefore, the relation, (€lc)_L > 2eAF, holds. The gap d between the 
substrates is set to tie 6.2 um. and the retardation, d* An, is determined to be about 0.27 um. 

The individual rubtwng direction of a couple of substrates is parallel to each other, and has an angle 
15* (<^>Lci = ^LC2 = 15*) against the direction in which the applied electric field is extended. See FIG. 4. 
The panel is sandwiched with a couple of polarizers (G1220DU, made by Nitto Electric Co.), and the 
polarization transmission axis of one polarizer is set to be parallel to the mbbing direction, which means 
= 15*, and the polarization transmission axis of the other polarizer is set to intersect perpendicularly with 
the former polarization ti-ansmission axis, which means </>p2 = -75 With this geometrical configuration, ttie 
normally-close characteristic of the display pixel can be established. 

According to tiie measurement of the response time of tiie liquid crystal obtained in the above 
configuration, the rising-up time is 150 ms, and the falling-down time is 180 ms. 

[Comparison Example 2] 

The stiucture in ttie comparison example 2 is identical to tiiat of the emixxliment 1 excluding ttie 
following features. 

The material used for the liquid crystal compound has such a property that the anisotropic property of 
ttie refractive index. An, is 0.0743. ttie viscosity, i/, is 20cp(20*C), and ttie elasticity constant of ttie twist. 
K2, is 4.17 mdyn. Therefore, i?/K2 is 48.0 [Gs/(m-m)]. The dielectiic anisotropy of ttie liquid crystal of ttiis 
comparison example. At, is -1.5 (dl: 3.2 eX : 4.7). Therefore, ttie relation, either of (cLC)// > 2eAF or (fLc)J_ 
> 2cAF does not hold. The gap d between the substrates is set to be 3.8 um. and the retardation. d-An, is 
determined to be about 0.28 um. 

According to the measurement of ttie respond time of ttie liquid crystal obtained in the above 
configuration, the rising-up time is 100 ms. and the falling-down time is 120 ms. 

In FIG. 7, the relationship t)ehft^een the response speed and the ratio of the vi^x)sity of the liquid crystal 
to ttie elasticity constant of tfie liquid crystal is shown in the emtjodiments and the comparison examples of 
the present invention. 

Acxx)rding to the present invention, by means of making the gap between the substrates facing to each 
ottier less tiian or equal to 6 um. a high-spe^ horizontal electric field metticKl can be attained. In addition, 
by adjusting ttie material property of the liquid crystal layer and the orienfetion layer so as to satisfy ttie 
formula (1) and (2), ttie response time of the liquid crystal in ttie horizontal el^ic field mettiod can be 
reduced. As a result, an active mafrix type liquid crystal display ap^atus using horizontal electic field 
method which allows mouse-compatible or enables motion pictijre resolution can be obtained. 
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Claims 

1. A liquid crystal display apparatus, comprising 

a pair of ajt)strates (1), at least one of which is transparent; 
5 a liquid crystal composite layer being l)etween said sut)strates (1); 

an orientation control layer (6) for controlling an orientation of a liquid crystal molecule (5); 
electrcMjes (3,4) on said substrates (1) for applying an electric field, mainly parallel to said 
substrates (1); 

a polarization means (2); and 
70 a drive means; 

wherein a gap (d) between said substrates (1) is less than or equal to 6 um. and a response time is 
less than or equal to 100 ms. and greater than or equal to 1 ms. 

2. A liquid crystal display apparatus, comprising 

75 a pair of substrates (1). at least one of which is transparent; 

a liquid crystal composite layer being between said substrates (1); 

an orientation control layer (6) for controlling an orientation of a liquid crystal molecule (5); 
electrodes (3,4) on said substrates (1) for applying an electric field, mainly parallel to said 
sut>strates (1); 
20 a polarization means (2); and 

a drive means; 

wherein a relationship between a dielectric constant of a liquid crystal composite material layer, (- 
i^icV/' dielectric constant measured in a longitudinal axis of a molecule. (€lc)_L * dielectric constant 
measured in a transverse axis of a molecule (5)). and a dielectric constant of the orientation control 
25 layer (6). (caf). holds an equation (1). 

(CLC)// > 26 AF. or (* LC)! > 26 AF. (1 ) 

and a relationship between viscosity of a liquid crystal composite material layer, tj. and an elasticity 
30 constant of a twist, Kj, holds an equation (2). 

n/Kz < 4.5 X 1 0^^[s. m-2]. (2) 

35 a A liquid crystal display apparatus of Claim 1 , wherein said liquid crystal composite material is made to 
include liquid crystal chemical compound represented by a general chemical formula (I), in which fluoro 
group or cyano group, or tK)th of them coexist as an end group. 



40 




45 

(In (I), Xi , Xz and X3 are fluoro group, cyano group, or hydrogen atom; R is alkyi group or alkoxyl 
group having the carbon number 1 to 10 which is replaceable; Ring A is cyclohexane ring, benzene 
ring, dioxane ring, pyrimidine ring, or [2. 2. 2]-bicyclooctane ring; 2 is single bonding, ^er bonding, 
ether bonding, or methylene, or ethylene; and n is an integer, 1 or 2.) 

50 

4. A liquid crystal display apparatus of Claim 1. wherein said liquid crystal composite material is made to 
include liquid crystal chemical compound represented by a general chemical formula (II), in which 
fluoro group or cyano group, or boVh of them coexist as an end group. 

55 
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(II) 



(In (11). Xi and )Q are fluoro group, cyano group, or hydrogen atom; R is alkyl group or alkoxyl 
group having the casbon number 1 to 10 which is replaceable; Ring R is cyclohexane ring, benzene 
ring, dioxane ring, pyrimidine ring, or [2. 2. 2]-bicyclooctane ring; 2 is single tending, ester bonding, 
ether bonding, or methylene, or ethylene; and n is an int^er, 1 or 2.) 

A liquid crystal display apparatus of Claims 1 to 4. wherein a retardation of a liquid crystal composite 
material layer, d» An. Is greater than or equal to 0^1 um, and less than or equal to 0.36 um. 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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